Summary. Analysis of geomagnetic data has shown that the superposed northward magnetic field, which reduces the S,(H) amplitude at northern mid-latitude stations on Abnormal Quiet Days, and increases the amplitude at stations on the equatorward side of the S, focus, builds up in amplitude over four to five days before the AQD occurs, and subsides over a similar period after the AQD. It is inferred indirectly that the azimuthal component By of the interplanetary magnetic field varies similarly. Data for the opposite meridian show that the imposed field reverses to a southward direction at lower latitudes. The inferred currents to account for these fields are believed to flow in the ionosphere, but to arise from magnetospheric electric fields induced by the solar wind-transported IMF.
Introduction
The concept of geomagnetic Abnormal Quiet Days (AQD) was introduced by Brown & Williams (1 969) and expanded by Brown (1 974, 1975) . Discussion of their nature and causes has been published by and Butcher (1982) . The original, rather arbitrary, choice of the criterion of abnormality has proved satisfactory and has been maintained in all subsequent work on the subject. This criterion was based on the time at which the daily southward swing in S,(H) at the mid-latitude station Hartland was a maximum on the International Quiet Days (IQD): when this occurred in the interval 0830-1330 GMT the days were classed as Normal Quiet Days, and when outside this interval the days were classed as AQDs. Approximately 18 per cent of all IQDs are found to be AQDs.
Detailed analysis of geomagnetic data for many stations at widely different latitudes and longitudes has revealed that AQDs are characterized by two separate features, both of which are essential to the production of an AQD, and both are found to be related to the interplanetary magnetic field (IMF). These are:
(i) The imposition of a northward field throughout the whole day, with a solar-controlled amplitude, resulting in a general decrease in the swing of S, ( H ) at stations (like Hartland) north of the S, focus and an increase in the S,(H) amplitude at stations equatorward of the Sq focus. It was shown by Butcher & Brown (1980) that this phenomenon, which can also be expressed in terms of a poleward movement of the position of the apparent S , focus on AQDs, is related to the direction of the azimuthal ( B y ) component of the IMF. It appears llkely that the terrestrial phenomenon is caused by an ionospheric current, the magnitude of which is controlled by the diurnal variation in conductivity.
(ii) The imposition of a short-lived southward-going magnetic field, which for a few hours reduces the standing component at a mid-latitude station to a value less than that reached in the depleted 'normal' minimum indicated in (i). These events have been styled 'mini-bays', since they may be likened to small amplitude negative magnetic bays. They occur at the same UT everywhere, and have been shown to be related to the direction of the B, component of the IMF perpendicular to the plane of the ecliptic. It appears likely that these AQD events are associated with magnetospheric substorms.
Feature (ii) has been investigated, in particular, in relation to its application to the prediction of the magnitude of a forthcoming sunspot maximum by and Brown (1986) . In this paper we discuss feature (i) in more detail than hitherto, considering especially the duration of the imposed field and its direction as a function of longitude.
The imposed meridional field
Reference to earlier published work shows that the northward magnetic field associated with Hartland AQDs probably varies with both latitude and longitude.
Thus, with regard to latitude, in where the change in S,(H) amplitude on AQDs was determined for Lerwick (60"08'N geographic) and Tenerife (28"29'N), it was found that this was about three times as great at the station on the equatorward side of the focus as at the station on the poleward side of the focus, in winter. On the other hand, the reverse is the case in summer (see Butcher & Brown 1980) . A similar seasonal variation in the amplitude of the imposed northward field is evident in the latitude variations reported by Butcher (1982) , particularly for days when the IMF is directed away from the Sun (when most AQDs occur anyway).
Further, with regard to longitude, Butcher (1982) fcund that the average amplitude of the northward field shows a progressive fall-off eastwards, and a suggestion of a reversal to a southward field. at about 145"E. If confirmed, this is important in the interpretation of the cause of this superposed field. Also, although we know this field occurs during the whole of an AQD, there has so far been no investigation of its overall duration. longitude but situated on opposite sides of the S , focus, over a period of f 12 day centred on zero day which is an AQD. The amplitudes have been determined simply as the difference between the mean noon and mean midnight values, where each mean is taken over 3 hr centred on 1200 and 2400 hours respectively; periods of overlap of data have been eliminated. Some sample standard error bars are drawn on the graphs for days 0 and + 6 . Amplitudes on the latter days may be considered to represent estimates of the average overall 'expected' values away from the AQDs. It is clear that there is a residual influence of magnetic disturbance on the days away from zero day (a quiet day sample), but the relative smoothness of the curves obtained indicates that much of this has been removed in taking the averages.
The duration of the northward field
The reduced and increased S , (m amplitudes at the mid-and low-latitude stations respectively on the AQD confirm the presence of the superposed northward field. An additional feature is the fact that the influence of this northward field is evident over several days on either side of the AQD. It is interesting that in these results the maximum change in S , amplitude occurs one to two days after the AQD at both stations, but Student's t-tests show that there is no statistical significance between the values on days 0 and + 1. On the other hand, the difference between the mean amplitudes around the AQD (days + I and +2 for Eskdalemuir, and day + 1 for Almeria) and around the 'expected' level (taking days * 6 for Eskdalemuir, and days f 3 for Almeria) is highly significant at both stations, with values of P between 0.01 and 0.03, confirming the reality of the overall effect.
In view of the established influence of the azimuthal component By of the IMF on this northward field, mentioned in the Introduction, it would be relevant to enquire if this behaviour of the northward field is related to a similar build-up and decay of positive By (IMF 'away' sectors) over several days around the AQD. Unfortunately, no IMF data exist for the period under consideration (1 963-65) which would allow meaningful calculations of B y , but it is possible to make an indirect inference. Fig. 2 shows a histogram of the percentage number of the days used in each day-group in Fig. 1 which were A-days, according to Svalgaard's (1972) tables of IMF polarities. It is seen that the proportion of A-days builds up from about day -6, similar to the onset time of the S, amplitude changes in Fig. 1 , and reaches a maximum on day +1, similar to the time of maximum S, amplitude change. After AQD +1, the proportion of A-days dies away rather slowly.
The standard error bars drawn on the ordinates at days 0 and +1 are based on the arbitrary, but probably realistic, assumption that the individual IMF categorizations A/T are subject to a 20 per cent chance of error. Student's t-tests again show that there is no statistical significance in the difference between the values on days 0 and +1, but that the difference between the mean of these values around the AQDs and the mean level for the days away from the AQDs is highly significant (P < 0.005).
Remembering that all zero days are, by definition, IQDs, and that statistically it is also probably true that conditions are relatively quiet for a few neighbouring days, this implies that the B streamlines at Earth are more inclined to the Sun-Earth line on these days (low solar wind velocity), i.e. By is numerically relatively large, and positive for A-days. Taken together, these facts at least suggest that the increase in the preponderance of A-days up to and through AQDs might well indicate a similar distribution in the magnitude of B y . If this is so, the build-up of the northward field over several days before the AQD mirrors corresponding changes in B y . However, this conclusion is by no means firm on the present evidence. In any case, as far as terrestrial interaction of the IMF is concerned it is the northsouth interplanetary electric field E, = I u, I By which is important, where u, is the solar wind velocity, and it could be that the increase in By is offset by the corresponding decrease in u, during quiet periods.
The direction of the meridional field
As pointed out in Section 2, Butcher (1982) found that the magnitude of the superposed northward field decreased eastwards of the meridian of the station used to determine the AQDs, with a suggestion of a reversal in direction in the opposite (longitudinally speaking) hemisphere. We have tested this using limited magnetic data available for two stations situated near the 144'E meridian. Fig. 3 shows a superposed epoch analysis of the variation in S, (H) amplitude for f 10 day centred on Hardland AQDs for Guam (13"27'N, 144'45'E) . This station is on the equatorward side of the S, focus, and the results should therefore be compared with those for Almeria in Fig. 1 . It is seen that the change in amplitude is clearly reversed at the remote longitude, implying the imposition of a southward field for four to five days on either side of AQDs determined near the Greenwich meridian. The small data set used in this analysis makes the application of statistical tests questionable, but applying the Student's t-test it is found that the difference between the mean amplitudes on days around the AQDs and days away from the AQDs is marginally significant (P -0.10). Fig. 4 gives corresponding results for the station Juzhno-Sakhalinsk (47'00' N, 143'00' E) at the same longitude as Guam, but nominally situated on the poleward side of the S, focus, for the same period as used for Guam. The determination of the Sq ( H ) amplitude at JuzhnoSakhalinsk is, however, often inaccurate, since the station is not infrequently close to the S, focus. Thus, taking account also of the very small sample size used in this analysis, although the results suggest a modest decrease in amplitude on the AQDs in the same sense as that observed at Eskdalemuir in Fig. 1 (suggestive of a weak northward field at this latitude), the change is found t o be of no significance statistically. 
Discussion
In this paper we have shown the following properties of the imposed meridional magnetic field, which is one of the main contributors to the onset of an AQD at a station:
(i) This field builds up in amplitude over four to five days before the AQD occurs, and reaches its maximum magnitude a day or so around the AQD, before subsiding over a similar period.
(ii) It seems likely, though not proved, that the azimuthal component 3, of the IMF varies similarly.
(iii) For AQDs determined near the Greenwich meridian the field is directed northwards at all latitudes near this meridian, but it probably reverses to a southwards field (certainly at lower latitudes) at the opposite meridian.
It has previously been conjectured that these meridional magnetic fields arise from zonal currents in the ionosphere, driven by penetration of interplanetary electric fields perpendicular to the ecliptic plane. Nishida (1 968) discussed such penetration into the magnetosphere and suggested it may be the origin of the geomagnetic DP2 fluctuations.
Specifically, in the present context, on A-days (BY > 0) I ? ' , is positive, and if this maps into the high latitude ionosphere along field lines as a northward electric field, the Hall current E x B will be directed westwards. Return current flow from this polar system to lower latitudes will then be eastwards, giving rise to a northward magnetic field, as required. Return current flow in the opposite hemisphere would be westwards and produce a southward magnetic field during daylight, assuming the system rotates with the Earth.
More recently, Takeda (1984) and Takeda & Araki (1984) have examined the day to day variability of S, and concluded that much of it is caused by additional current systems, different from the main ionospheric dynamo-generated currents. One of these additional sources is of high latitude origin and is associated with auroral electrojet return currents, such as are invoked to account for the geomagnetic DP1 variations. These authors isolate a part of S, which is related to elevated values of the AE index, considered to measure the effect of field-aligned currents in high latitudes, and their inferred current systems show a general pattern which is consistent with the AQD requirements enumerated above. Return currents can form complicated loops whether the basic system is a two-cell or a four-cell model, and it appears likely that similar ionospheric systems of magnetospheric orig' in are associated with days around AQDs.
Finally, the seasonal latitude differences mentioned in Section 2 may also be understood if the imposed fields are related to return currents in the ionosphere from high latitude systems. In winter these currents will tend to close at lower latitudes, where the ionospheric conductivity is greater, giving a stronger meridional field than at higher latitudes, while the opposite will be the case in summer.
